We have studied the properties of quarkonium states in an anisotropic quark-gluon plasma (QGP). We address the effects of non-perturbative confining force and momentum anisotropy on the heavy quark potential at finite temperature, which have been resolved by correcting both perturbative and non-perturbative terms of the Cornell potential through the dielectric function in terms of hard-loop resumed gluon propagator in real-time formalism. We have found that the real-part of the potential becomes stronger and thus makes the quarkonia more bound whereas the (magnitude) imaginary-part too becomes larger and thus contribute more to the thermal width, compared to the medium-contribution of the Coulomb term alone. In addition, the presence of anisotropy makes the real-part of the potential stronger but the imaginary-part is weakened slightly. The potential obtained in anisotropic medium is nonspherical. Therefore, we have used the first-order perturbation theory to estimate the shift in energy eigenvalues due to the small anisotropic correction to the energy eigenvalues from the spherically-symmetric part in isotropic medium and determine their dissociation temperatures. The presence of non-perturbative term in the potential results the quarkonia to dissociate at higher temperatures.
Introduction
At the very early time of collision, asymptotic weak-coupling enhances the longitudinal expansion substantially than the radial expansion hence the system becomes colder in the longitudinal direction than in the transverse direction. As a result, an anisotropy in the momentum space sets in and causes the parton system unstable with respect to the chromomagnetic plasma modes [1] and facilitates to isotropize the system [2, 3] . The QGP with an anisotropic momentum distribution has been subject to several recent investigations as a simple model for the early stages of heavy ion collisions [1, 4, 5] . Anisotropy leads to an angular dependence of the QQ potential [6] . The effect of anisotropy on the the heavy-quark potential and subsequently on the dissociation of quarkonia states have already been investigated in an anisotropic medium [6, 7, 8, 9, 10] extensively, but in these works only the Coulombic term was considered and the string term was assumed to vanish. We have investigated the effect of anisotropy on the real as well as imaginary part of the medium modified heavy quark potential obtained by correcting both the perturbative and non-perturbative terms of the QQ potential at T=0 through the dielectric function and also studied the properties of quarkonium states. The effect of string term on the heavy quarkonium bound states was studied in [11] through a potential by correcting the full Cornell potential not its Coulomb part alone, with a dielectric function encoding the effects of the deconfined medium. However, their work was limited to an isotropic medium, whereas we have extended our work to an anisotropic medium. The general approach in our work was to consider small anisotropies ξ 1.
Medium modification to heavy quark potential in an anisotropic medium
Anisotropic QGP system is obtained by replacing the isotropic momentum space distribution functions by [1] 
where f iso (k) is either a Bose or a Fermi distribution and f aniso (k) is anisotropic distribution, which is obtained from an isotropic distribution f iso (|k|) by removing particles with a large momentum component along the direction of anisotropy, n [1] . The anisotropy parameter (ξ) is defined by
where k L = k.n and k T = k − n(k.n) are the components of momentum parallel and perpendicular to the direction of anisotropy, n, respectively. In order to study the effect of anisotropy on the in-medium potential, one need to calculate first the self-energy in an anisotropic medium. With the specified anisotropic distribution function, one can compute the gluon self-energy analytically [12] , which can be used to calculate the gluon propagator. By using the gluon propagator in an anisotropic medium, we have calculated the dielectric permittivity for small anisotropic limit (ξ 1) in the temporal axial gauge from the definition
Once we have obtained the dielectric permittivity in anisotropic medium (3), we have substituted it in the Fourier transform of the medium modified potential [11] and then evaluate its inverse Fourier transform to obtain the medium modified potential in weak anisotropic medium (ξ 1):
3. Imaginary part of the medium modified potential: Thermal width, Γ aniso The imaginary part in anisotropic medium and its effects on the thermal widths of the resonance states have been studied [10, 14, 15] with the medium-modification to the perturbative (Coulomb) term only. Besides the binding energy as the dissociation criteria decay width is the another criteria to calculate the dissociation temperature. The imaginary part of the potential arises due to the singlet-to-octet transitions induced by the dipole vertex as well as due to the Landau damping in the plasma, i.e. scattering of the gluons with space-like momentum off the thermal excitations in the medium. We follow their work by including the medium corrections to both perturbative (Coulombic) and non-perturbative (string) terms in a weakly anisotropic medium. We have obtained the imaginary part of the potential by the leading anisotropic correction to 
For weakly anisotropic medium, the imaginary part is a small perturbation to vacuum potential and thus provides an estimate for the (thermal) width:
Properties of quarkonium states in an Anisotropic Medium
We choose the matrix method [16] to solve the stationary Schrödinger equation with the isotropic part of the potential in an anisotropic medium in order to understand the in-medium properties of the quarkonium states. The corrected energy eigen value comes from the solution of Schrödinger equation of the isotropic component V iso (r, T ), using the matrix method plus the first-order perturbation due to the anisotropic component V aniso (r, θ; ξ, T ) (4) through the quantum mechanical perturbation theory. The real and imaginary part of the binding energies for the J/ψ and Υ states are computed numerically and Figure 2 shows their variation with different values of anisotropies. The study of the temperature dependence of the binding energies are poised to provide a wealth of information about the dissociation pattern of quarkonium states in an anisotropic thermal medium that can be used to determine the dissociation temperatures of different quarkonium states. 
Method
State ξ = 0.0 ξ = 0.3 ξ = 0. 
